Aims. This work pursues the investigation of a previously proposed correlation between chemical properties and physical evolutionary stage of isolated low-mass star-forming regions. In the past, the N NH 3 /N CCS abundance ratio was suggested to be a potentially useful indicator for the evolutionary stage of cloud cores. We aim to study its applicability for isolated Bok globules. Methods. A sample of 42 Bok globules with and without signs of current star formation was searched for CCS(2 1 -1 0 ) emission, the observations were complemented with NH 3 measurements available in the literature and own observations. The abundance ratio of both molecules is discussed with respect to the evolutionary stage of the objects and in the context of chemical models.
Introduction
Bok globules, named in honor of the astronomer Bart Bok who drew attention to those objects and their possible role in the star formation process (Bok & Reilly 1947) , appear as small and isolated dark clouds. Although the majority of stars in the Galaxy is formed in Giant Molecular Cloud complexes, the small globules have been recognized as particularly interesting targets for a study of low-mass star formation, since they represent a less complex environment and are therefore more easily described by theoretical models. The conditions inside Bok globules and the properties of the young stellar objects (YSOs) embedded therein have been studied at various wavelengths in several surveys in the past. Thermal radio emission arising from dust is observed at centimeter (Moreira et al. 1997 (Moreira et al. , 1999 and millimeter wavelengths (Launhardt & Henning 1997, hereafter LH97; Henning & Launhardt 1998) ; submillimeter emission gives hints for deeply embedded protostars (Huard et al. 1999) . With near-infrared observations, candidates for YSOs are identified and examined (Yun & Clemens 1995; Alves & Yun 1994; Racca et al. 2009 ). Molecular line observations provide information about the physical conditions, e.g. temperature, density, and magnetic fields, and trace the velocity structure of the clouds. They can be used to identify collapsing clouds (Wang et al. 1995) and reveal the presence of powerful molecular outflows (Yun & Clemens 1992 , 1994b . A comprehensive overview of star formation in different stages is achieved by multi-wavelength studies .
⋆ Based on observations obtained with the 100-m telescope of the MPIfR (Max-Planck-Institut für Radioastronomie) at Effelsberg and the 64-m Parkes radio telescope. The Parkes radio telescope is part of the Australia Telescope National Facility which is funded by the Commonwealth of Australia for operation as a National Facility managed by CSIRO. In globules and cloud cores a large variety of molecules has been identified. The complex chemical processes leading to their formation and destruction are ruled by the local conditions, including surface reactions on ice-covered grains in the coldest and densest parts of the cloud, and are influenced by the heating of a forming star within the core or the ionizing interstellar radiation close to the cloud surface (review by, e.g., van Dishoeck & Blake 1998) . While ammonia was the first polyatomic molecule to be discovered in the interstellar medium (review e.g. by Ho & Townes 1983) , the CCS radical has been identified only two decades ago (Saito et al. 1987 ) and the main pathways leading to its formation are still under discussion (Suzuki et al. 1992; Petrie 1996; Sakai et al. 2007 ), although it is frequently observed along with other carbon-chain molecules (e.g., Hirota et al. 2009) .
From a study of CCS and NH 3 among other molecules, Suzuki et al. (1992) found that carbon-chain molecules are abundant in the early evolutionary phases of dark cloud cores, while ammonia tends to be more abundant in more evolved, actively star-forming regions. This result was also supported by their chemical model calculations, where CCS is formed but also destroyed rapidly, while in turn a replenishment of the molecule is impeded by the increasing lock-up of carbon atoms in CO. In contrast, NH 3 forms in a sequence of very slow reactions and reaches its highest abundance in the late evolutionary phases. Therefore they proposed the N NH 3 /N CCS abundance ratio to be a possibly useful indicator for the evolutionary stage of starforming clouds. In the following years, the abundance of both molecules in a number of Bok globules and around Herbig Ae/Be stars (Scappini & Codella 1996) , as well as in a larger sample of intermediate-mass and low-mass star-forming regions with H 2 O maser emission (de Gregorio-Monsalvo et al. 2006 , hereafter dGM06) was examined. However, both studies suffered from a small number of CCS detections, which hindered a definitive judgement about this hypothesis. Focusing on statistics on a References.
(1) Bourke et al. (1995b) ; (2) Launhardt & Henning (1997) ; (3) Launhardt et al. (2010) and private communication; (4) Racca et al. (2009). large number of dense cores within the Perseus Molecular cloud, a recent work by Foster et al. (2009) provided evidence for a lower fractional abundance of CCS in protostellar cores compared to starless cores. In this work we are focusing on small Bok globules, typically forming only single or few low-mass stars, since they represent the most secluded star-forming environments available for investigation. An interference by other nearby, possibly high-mass, forming stars can be excluded. Moreover, a mixing with ambient material which could modify the chemical composition and exacerbate a comparison with theoretical models, as it is possible in the case of a dense core inside a larger cloud complex, is implausible for the isolated globules. An overview of the sample examined in this work is given in Sect. 2, followed by a description of the observational results and analysis in Sect. 4.
The discussion of the derived physical parameters is presented in Sect. 5, concluding remarks are given in Sect. 6.
Description of the sample
Our sample consists of 42 Bok globules from the catalogs of Clemens & Barvainis (1988) for the northern hemisphere and Bourke et al. (1995a) for the southern globules. The northern sources have been searched for NH 3 (1,1) and (2,2) emission with the Effelsberg 100-m telescope in the survey of Lemme et al. (1996, hereafter L96) , while the southern globules are included in the NH 3 survey of Bourke et al. (1995b, hereafter BHR95b) , so that a uniform set of ammonia measurements is available for comparison with our data. Table 1 lists the positions of the CCS measurement, the IRAS point sources associated with the globules (sources in brackets were located outside the telescope beam), and their distance. Following the classification scheme of L2010, we sorted the objects into three groups according to the presence and evolutionary class (cf. Lada 1987; André et al. 1993 ) of embedded YSOs:
-Group −I: Starless or prestellar globules, or only very young and very low-luminosity source embedded. -Group 0: Globules harbouring a Class 0 protostar. -Group I: Globules containing YSOs of Class I or later.
The classification of the individual clouds is indicated in Table 2 . Where too sparse observations of the specific globule prevent a reliable identification of the evolutionary group, a presumptive classification is given in brackets. It should be emphasized that especially prestellar cores or Class 0 protostars will most probably remain unidentified when there is a lack of detailed maps of molecular emission and/or millimeter continuum emission. A detailed discussion for most globules of the sample can be found in L2010 and the references therein, while a number of southern globules has been classified in Racca et al. (2009) . In the following we comment therefore only shortly on the globules not described there.
CB 3. A compact submillimeter source without infrared counterpart is located at the center of a bipolar molecular outflow (Yun & Clemens 1994b) and was suggested to consist of an aggregate of Class 0 sources by Huard et al. (2000) . The source IRAS 00259+5625 is located 15 ′′ away, its near-infrared counterpart was classified as Class II object (Yun & Clemens 1994a . The globule also harbours a H 2 O-maser (Scappini et al. 1991,dGM06) ; it is believed to be rather an evolved intermediate to high-mass star-forming region (Launhardt et al. 1998b; Codella & Bachiller 1999) .
CB 12. An associated IRAS point source is detected at 60 and 100 µm, but neither a molecular outflow (Yun & Clemens 1992) nor dust continuum emission at 1.3 mm (LH97) point towards the presence of an embedded protostar.
CB 22 and CB 23. Both globules are not detected in the farinfrared (no IRAS sources) or in the 1.3 mm dust continuum (LH97). According to the shape of spectral lines, CB 22 seems to be quiescent while CB 23 shows signatures of a possible infall motion (Lee et al. , 2004 .
CB 28. Only emission longward of 60 µm was detected by IRAS towards this globule; searches for outflows (Yun & Clemens 1994b) and YSO candidates in the nearinfrared (Yun & Clemens 1994a ) resulted in no detections.
CB 34. Numerous studies suggest multiple star formation in the globule. Five submillimeter sources were detected by Huard et al. (2000) and classified as probable Class 0 objects. The aggregate of protostars is associated with a system of multiple outflows (Codella & Scappini 2003) and jets (Moreira & Yun 1995) . Evidence for the presence of more evolved Class I and Class II objects is provided by the detection of several very red objects in the near-infrared (Alves & Yun 1995) .
CB 44. The associated IRAS source cited by Clemens & Barvainis (1988) resides at the very edge of the globule. Two 3.6 cm continuum sources without infrared counterparts, candidate Class 0 objects, were detected by Moreira et al. (1999) but no detection was possible at shorter wavelengths (e.g. at 1.3 mm by LH97).
CB 125. Several IRAS point sources are located in the vicinity, but none within the area of highest extinction visible on optical images of the globule. Both IRAS 18127-1803 and IRAS 18122-1818 have reliable fluxes only at 12 and 25 µm, they were considered as candidate pre-main sequence star (LH97) and YSO , respectively. The 100 µm detection towards IRAS 18130-1824 was considered as cirrus emission due to the lack of submillimeter continuum emission (Huard et al. 1999) . Line observations in CS towards IRAS 18126-1820 at the southern edge of CB 125 show unsuspicious gaussian line profiles (Launhardt et al. 1998a ). Due to the the presence of candidate YSOs close to the cloud, we assume an evolved stage.
CB 179. The association with a cold infrared source detected only at 60 and 100 µm, the absence of 1.3 mm continuum emission (LH97) and narrow, weak CO lines (Clemens et al. 1991) suggest an early evolutionary stage.
CB 222. Neither is the associated IRAS source detected at wavelengths shortward of 60 µm, nor is 1.3 mm dust emission found towards this globule (LH97). Together with unsuspicious gaussian line profiles measured in CS (Launhardt et al. 1998a ), we assume an early evolutionary stage for CB 222.
BHR 13. The narrow CO line profiles observed towards this cometary globule are supposed to arise from cold, quiescent gas (Otrupcek et al. 2000) , while the associated IRAS source was identified as a T Tauri star (Sahu & Sahu 1992) .
BHR 15. The IRAS source associated with this cometary globule is detected only at 60 and 100 µm, and CO line profiles typical of cold, quiescent gas have been observed (Otrupcek et al. 2000) . Therefore, an early evolutionary stage is assumed.
BHR 23. Santos et al. (1998) conclude from near-infrared observations that an aggregate of several YSOs might be harboured by this globule. High-velocity wings in CO lines detected by Urquhart et al. (2009) and Otrupcek et al. (2000) might indicate the presence of a molecular outflow. Methanol maser emission, which is believed to be associated with high-mass star formation, was also observed towards this source (Walsh et al. 1997) .
BHR 28, BHR 59, BHR 74 and BHR 111 . These globules do not harbour any IRAS sources. Profiles of CO lines observed towards BHR 74 and the cometary globule BHR 28 suggest the presence of cold and quiescent gas (Otrupcek et al. 2000) . In BHR 59 and BHR 111 the detection of line wings might indicate the presence of several blended velocity components or outflow motions (Otrupcek et al. 2000) . However, no more detailed observations are available for those globules.
BHR 41. Santos et al. (1998) classified the two near-infrared sources separated by 4 ′′ seen at the position of the IRAS source as likely Class I objects. However, no 1.3 mm dust emission was detected towards this source (L2010).
BHR 137. Santos et al. (1998) detected three infrared sources at the IRAS position, two of which are likely Class II objects. However, the IRAS source is located at the rim of the globule and it is unsure if is related. Emission in the 1.3 mm dust continuum has been detected by Henning & Launhardt (1998) , as well as a blue wing in the CO emission. L2010 suggested a rather early evolutionary stage.
Some of the globules are known to contain multiple sources in different evolutionary stages, namely CB 3 (Yun & Clemens 1994a; Huard et al. 2000) , CB 34, CB 224, CB 232, CB 243, CB 244 and BHR 12 (L2010) . In such cases, where there are sources of different evolutionary stage within the beam of the NH 3 and CCS observations, we assigned the globule to the evolutionary group that agrees with the source from which most of the mm dust emission arises, i.e., which has the largest reservoir of cold gas and is therefore dominating the detected line emission. However, it cannot be excluded that one of the other sources also contributes to the detected line emission. Also, the maturity of individual globules might be underestimated, because the presence of an evolved YSO nearby a pre/protostellar core possibly affects its chemistry, especially since in most cases the projected separation between the differently evolved sources is only a few thousand AU. We have noted these cases in Table 2 .
Observations
Observations in CCS(2 1 -1 0 ) of all objects from the Clemens & Barvainis (1988) catalog listed in Table 1 , as well as NH 3 (1,1) and (2,2) observations for three globules, have been carried out with the Effelsberg 100-m telescope of the Max-Planck-Institut für Radioastronomie (MPIfR) during March 14 and 15, 1999. A maser receiver in the primary focus was used with a 1024 channel autocorrelator. The system temperature was in the range of 80 and 110 K. For the CCS(2 1 -1 0 ) line at 22.344 GHz the total bandwidth of 6.25 MHz of the spectrometer was used, providing a velocity resolution of 0.08 km s −1 . The autocorrelator was split into 2×512 channels for the observations of the NH 3 (1,1) and (2,2) lines at 23.694 GHz and 23.722 GHz, respectively, corresponding to a velocity resolution of 0.15 km s −1 . At the used frequencies, the beam diameter (FWHP) was 40 ′′ . Frequency switching was used with a total integration time per source of 30-60 min for the CCS line and 5-30 min for the NH 3 lines. The pointing was checked every 2 hours by cross-scans on nearby quasars. Typically, the pointing accuracy was better than 5 ′′ at similar elevations. The focus was checked on strong continuum sources at the beginning of the observing run and after sunset and sunrise. The data were calibrated using cross scans on continuum sources with known flux density (Ott et al. 1994) . As a primary calibrator, NGC 7027 was used. The antenna temperatures were converted to a main beam brightness temperature T mb by correcting with the elevation dependent gain, the beam and aperture efficency. The calibration is estimated to be accurate within ∼15%.
The 21 sources from the catalog of Bourke et al. (1995a) have been observed with the Parkes 64m telescope during March 2010 in the CCS(2 1 -1 0 ) transition, and ten of them additionally in NH 3 (1,1) -namely those sources, where the core or YSO of interest was not included in the beam of BHR95b. The 13MM receiver and a digital filterbank with a bandwidth of 8 MHz and 2048 channels were employed, resulting in a velocity resolution of 0.05 km s −1 . The beam diameter was 1 ′ and the pointing was estimated to be accurate within 20
′′ . Except of BHR 15, BHR 23 Table 2. and BHR 28 which were observed in the position switching mode, frequency switching with a throw of 1 MHz for the CCS and 0.3 MHz for the NH 3 line, respectively, was used with integration times of 20-60 min. Typical system temperatures ranged from 70 to 130 K. After correction of the elevation-dependent gain, we applied relative calibration by means of repeated observations of BHR 71 compared to the measurements of BHR95b. Hereby, it is ensured that the scale of our measurements and those of BHR95b, to be used for calculation of the N NH 3 /N CCS ratio, match. Although with this approach the absolute accuracy of our calibration is expected to be not optimal, comparison of the CCS observations for CB 28, which have been carried out in Parkes and Effelsberg, show consistency.
The spectra for all globules showing (possible) detections in the CCS line are displayed in Fig. 1 .
Results
The results of the observations are summarized in Tables 2 and  3 . Out of the 42 globules observed, thirteen were detected in the CCS(2 1 -1 0 ) line with a signal-to-noise ratio of at least three.
Additional five globules show emission at a slightly lower significance level, but we believe them to be real detections since their LSR velocities are in agreement with those of ammonia lines observed by BHR95b. In contrast, NH 3 (1,1) remained undetected only towards three globules of our sample.
From the further discussion we exclude CB 3, CB 34 and BHR 23 because they likely contain clusters or high-mass starforming regions, as well as BHR 13, BHR 59 and BHR 111 because of their very uncertain evolutionary stage, and BHR 12 because of the presence of two equally massive sources in different evolutionary groups (the source is however included in Figs. 2 and 6). Considering only the globules with fairly reliable evolutionary group (i.e. group given without brackets in Table 2 ), CCS emission is present in 70% (seven out of ten objects) of the globules belonging to the starless or prestellar globules of group −I, in 40% of the objects of group 0 (clouds containing Class 0 protostars; four detections) and 33% of the group I objects (YSOs of Class I or later embedded; three out of nine detected). The overall detection rate (43%) of CCS(2 1 -1 0 ) in our sample is therefore larger than found in some earlier studies of low-mass starforming regions, globules and dark clouds (about 18-33% in the References.
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studies of Codella 1996, dGM06, and Suzuki et al. 1992) , and closer to the 50% detection rate of a survey of dense cores in the Perseus Molecular Cloud (Rosolowsky et al. 2008; Foster et al. 2009 ). For ammonia, strong emission in the sense that the hyperfine structure of the NH 3 (1,1) transition is detected, is present in 80% of the objects from group −I, and in 70% and 22% of the objects of group 0 and I, respectively.
Analysis of CCS lines
In Table 2 , Column (1) lists the object number from the Clemens & Barvainis (1988) or Bourke et al. (1995a) catalog, (2) the assigned evolutionary group (cf. Sect. 2), (3) the LSRvelocity, (4) the main beam brightness temperature, (5) the observed line width (FWHM) including instrumental broadening (of 0.08 km s −1 and 0.05 km s −1 for the CB and BHR sources, respectively), and in (6) the integrated intensity of the line. Column (7) contains the nonthermal linewidths, (8) the calculated total column densities for CCS, (9) the ammonia column Table 3 . Results of the NH 3 (1,1) and NH 3 (2,2) observations. Lemme et al. (1996) and Bourke et al. (1995b) .
densities from own observations or collected from the literature, and (10) the abundance ratio N NH 3 /N CCS . Source velocity υ LSR , linewidth ∆υ obs , peak intensity T mb and integrated intensity T mb dυ were derived by Gaussian fits of the lines using CLASS 1 . For the error of T mb , the root mean square (rms) noise of the spectrum, and for the other quantities the standard deviations of the Gaussian fits to the lines are listed in Table 2. The average rms noise level of the obtained spectra is 38 mK for the CB sources and 72 mK for the BHR sources. As upper limits for the non-detections, a peak intensity of 3 rms is given. In the case of CB 34 and BHR 55 the observed CCS line was not well approximated by a Gaussian profile, therefore the value in Table 2 represents the intensity integrated under the actual line rather than under the fitted profile.
The total column densities N CCS were calculated under the assumption of a local thermodynamic equilibrium (LTE):
where ν i j denotes the frequency of the transition, g 0 and g j are the statistical weights of the ground state and of the upper rotational level, respectively, E j is the energy of the upper level, Q(T ex ) denotes the partition function for an excitation temperature T ex , A ji is the Einstein coefficient for spontaneous emission and τ ν the optical depth. We assumed the emission to be optically thin, thus the relation between optical depth and main beam brightness temperature T mb from the radiative transfer equation is given by
where T bg = 2.73 K is the cosmic background temperature. Since only one rotational transition of CCS was observed, the excitation temperature could not be determined. We adopted T ex ≈5 K, equal to the average value for a number of dark cloud cores as found by Suzuki et al. (1992) E 2 1 /k = 1.61 K (Wolkovitch et al. 1997) , and Q ex (5 K)=23.80 (Lai & Crutcher 2000) , the column density ensues as follows:
A 4 K higher excitation temperature would result in a moderate increase of about 40% for the column density. For the not detected lines the upper limit for T mb dυ was estimated as 1.06T mb ∆υ, where ∆υ was taken to be the average of the detected line widths, 0.32 km s −1 for the CB sources and 0.64 km s −1 for the BHR sources.
Ammonia lines
For most of the sources in our sample, ammonia column densities were derived in the papers of L96 and BHR95b. For our own ammonia observations, column densities were derived as outlined in the following. If hyperfine structure for the NH 3 (1,1) transition was sufficiently strong, a fit with the available procedure within the CLASS package was performed to obtain optical depth of the main line τ m(1,1) and intrinsic linewidth ∆υ int . Otherwise a Gaussian profile was fitted to the main line. The derived line parameters are summarized in Table 3 , where ∆υ obs(1,1) refers to the intrinsic linewidth for CB 17, BHR 36, BHR 55 and BHR 71, and to the width of a single Gaussian fitted to the main component otherwise. Further analysis was performed following standard procedures and assumptions (e.g. Ungerechts et al. 1980; Stutzki 1984) . The excitation temperature T ex was calculated from
with the beam filling factor f b and brightness temperature of the main line T mb(1,1) . The column density in the (1,1) levels then follows as 
with the rate coefficient A 11 = 1.67 × 10 −7 s −1 and frequency ν 11 of the NH 3 (1,1) transition; s m denotes the line strength at the main component, the value of which depends on the intrinsic linewidth of the hyperfine components blended in the main line. The complete ammonia column density is then estimated by
Since we did not observe the NH 3 (2,2) transition in most cases, we could derive the rotational temperature (see e.g. Ungerechts et al. 1980) only for CB 17 (T rot = 8.1 ± 0.5 K). For the other sources we adopted a rotational temperature of 10 K for normal and 13 K for cometary globules (BHR 12, BHR 13, BHR 15, BHR 28), i.e. average values from the papers of L96 and BHR95b, for the calculation.
Where the hyperfine structure was weak or only the main line of the NH 3 (1,1) transition was detectable, so that the optical depth could not be derived, the column densities were estimated in the optically thin approximation with 
where T mb(1,1) dυ is the intensity integrated over the main component of the NH 3 (1,1) transition. For the excitation temperature in equation 7, the average value found by L96 and BHR95b, T ex = 6 K has been assumed. The total column density can then be calculated from equation 6, adopting T rot = 10 or 13 K as mentioned above. Upper limits were estimated with the same approach as described for the CCS lines, with an average linewidth of the NH 3 (1,1) main component of 0.85 km s −1 . This optical thin approximation has also been applied for sources which were detected, but for which no column density was derived in the papers of L96 and BHR95b. Note that for CB 230 and CB 232 the NH 3 measurement positions of L96 are offset by about one beam from the submillimeter cores detected by L2010 (identical to the CCS measurement position), and hence N NH 3 can be expected to underestimate the column density towards the cores.
For the calculation of the column densities given in Table 2 the beam filling factors f b were adopted in the following way: for sources included in L96 and BHR95b the source sizes derived there were used to calculate the beam filling factor to be applied to our Parkes CCS measurements, assuming that CCS and ammonia emission have comparable spatial extents (which is an approximation, see e.g. Codella & Scappini 1998a) . For the other sources, we used the average source sizes from the papers of L96 and BHR95b to calculate an average beam filling factor of f b = 0.81 for the BHR, and 0.69 for the CB objects.
Discussion

Column densities and fractional abundances
The column densities of CCS and NH 3 , shown in Table 2 , do not exhibit strong dependence on the evolutionary group of the corresponding source, although the highest values for N CCS are found for group 0 objects. Column densities of NH 3 versus those of CCS are displayed in Fig. 2 (without the omitted sources mentioned in Sect. 4). The lower right part of the plot is occupied exclusively by sources undetected in CCS (i.e. only upper limits for N CCS ); all sources with N NH 3 < 1.5 × 10 14 cm −2 have ammonia column densities obtained with the optical thin approximation. Sources with reliable detection of both molecules are found preferentially in the upper left side of the plot, as if the highest CCS column densities are present (or excited) only in globules with high ammonia column density, while lower values of N CCS can be found in objects with a wider range of N NH 3 .
However, no clear distinction is visible between the distribution of the presumably younger objects of group −I and the actively star-forming globules (groups 0 and I).
The large scatter of the column densities likely results from differences in the hydrogen densities of the individual clouds, therefore a comparison of fractional abundances is required for a reasonable discussion of possible evolutionary trends. Hydrogen column densities or masses for several globules were derived from dust emission by L2010, from C 18 O measurements by L96, Wang et al. (1995) and Vilas-Boas et al. (1994) , and from extinction by Racca et al. (2009) . Some globules of our sample are included simultaneously in three of these studies; for these the column densities N H of L2010 (derived by dividing the hydrogen masses from their work by the proton mass and the physical area enclosed by the 1.3 mm dust emission in the maps) and L96 are found to be systematically larger than those of Wang et al. (1995) by a factor of 7.6 and 2 (within 20%), respectively. Thus, we assume the same conversion factors for the rest of the globules in the according works to bring them on the scale of Wang et al. (1995) , but we do not use this approach for Racca et al. (2009) and Vilas-Boas et al. (1994) since there is an overlap of only one source with the other studies. For 15 globules with reliable evolutionary stage this yields fractional abundances N CCS /N H of 7 × 10 −11 to 6 × 10 −10 and N NH 3 /N H between 2 × 10 −9 and 1 × 10 −7 . For CCS, the fractional abundance averaged over globules of the same evolutionary group is very similar for group −I, 0 and I (about 3 × 10 −10 ). For NH 3 it is highest for group 0 (6 × 10 −8 ) and lowest for group I (1 × 10 −8 ), but this variation should not be considered significant due to the large scatter between individual globules and their small number. These estimated fractional abundances are comparable with those of several chemical models from the literature and an own model, which will be described later in Sect. 5.2, at evolutionary times close to 10 5 yrs. Comparing with the fractional abundances observed for dense cores in cloud complexes from Foster et al. (2009) , N NH 3 /N H from the globules is similar, but N CCS /N H is about one order of magnitude lower than in the dense cores. However, as pointed out earlier in this section, the hydrogen column densities of the globules vary up to one order of magnitude between different studies and therefore the fractional abundances of CCS and NH 3 estimated here have to be considered uncertain to the same degree.
NH 3 /CCS ratio in comparison with chemical models
In contrast, the relative abundance N NH 3 /N CCS can be discussed independent of the hydrogen densities under the assumption that both molecules trace similar cloud regions, which is likely because of comparable excitation conditions and a similar telescope beam for both observations. Figure 3 shows N NH 3 /N CCS versus evolutionary group. Altogether, we derive abundance ratios from about 20 to 860, while the observable range is limited to ca. N NH 3 /N CCS ≤ 2000 by our CCS detection limit.
Compared to samples of earlier papers, the N NH 3 /N CCS ratios derived for isolated Bok globules are on average similar to those of dense cores in the Perseus molecular cloud (Rosolowsky et al. 2008) , but a factor of two higher than those in the dark clouds studied by Suzuki et al. (1992) . This corresponds to the fact that despite a comparable range of ammonia column densities in the Suzuki et al. (1992) sample and our globules, we do not find extremely high CCS column densities typical of carbon-chain producing regions (e.g. Hirota et al. 2009 , where carbon-chain producing regions are defined as having N NH 3 /N CCS ≤ 10). Table 2 ).
The number of sources is too small to allow for a detailed statistical analysis, but taking into account only sources with reliable evolutionary stage, the following picture arises: within each evolutionary group, a relatively large range of abundance ratios N NH 3 /N CCS spanning about one order of magnitude is observed, but there is comparatively little variation of the values between the different groups. Fig. 3 possibly suggests a slightly decreasing tendency of N NH 3 /N CCS going from group 0 to group I globules, but this trend is only marginal. Thus, it can be concluded that the ratio N NH 3 /N CCS is rather similar across the Bok globules observed in this study, despite them harbouring YSOs in different evolutionary stages.
Specifically, the N NH 3 /N CCS ratio does not increase going from the presumably youngest objects of group −I to the most evolved sources of group I. This finding does not easily fit into the general picture of most chemical models, according to which CCS as an early-phase molecule is expected to decrease in abundance rapidly around 10 6 yr, while the slowly forming ammonia reaches its maximum abundance in a later stage of the chemical evolution -leading to the anticipation of steadily increasing N NH 3 /N CCS ratio along with the evolutionary stage of the globules. For comparison, we show in Fig. 4 the N NH 3 /N CCS ratio with respect to the chemical age of a cloud, calculated from the evolution of CCS and NH 3 abundances from four chemical models in the literature: Suzuki et al. (1992, dash-dotted line) and Scappini et al. (1998, dashed line) use pseudo-time-dependent chemical models in which the gas density is constant within time. In contrast, Bergin (2000, solid line) and Aikawa et al. (2001, dotted line) take into account the dynamics of a collapsing core, as well as depletion of species from the gas phase onto, and desorption from, dust grains. However, both models do not include reactions on grain surfaces except of H 2 formation and ion-electron recombination in Aikawa et al. (2001) . As initial conditions all models take hydrogen in molecular form and carbon and sulphur as ions, the initial abundances are taken as those typical of diffuse clouds or depleted by a certain factor from solar abundances; Bergin (2000) allow the cloud to evolve for 1.5 ×10 5 yr at constant density and take the chemical composition after this time as initial values for the dynamically evolving core. All models consider the chemical evolution in a region at a constant temperature of 10 K and shielded from external UV (2000) we show the model for a collapse with ambipolar diffusion and dust grains covered with a CO mantle. Both papers examine several variations of their models (e.g. grain properties, collapse timescales), which result in somewhat different time evolutions of the molecular abundances, but do not deviate significantly from the examples shown in Fig. 4 .
Despite the different approaches, all models agree upon a rapid increase of the N NH 3 /N CCS ratio by three orders of magnitude at an evolutionary time of several 10 5 yr, caused by a fast decrease of the CCS abundance due to depletion onto grains, destruction by reactions and missing replenishment. The first broad peak seen in the results of Scappini et al. (1998) and Aikawa et al. (2001) is due to a very slow formation and in- crease of the NH 3 abundance, while CCS is still being formed efficiently.
In general, a comparison of the absolute values observed with those from modelling has to be considered with caution. The initial conditions assumed and the exact starting point for reactions defined in chemical models might not necessarily be in good agreement with real globules, and certain scatter has to be expected due to the natural fluctuations of initial conditions in the variety of globules. Nevertheless, comparing the measured values for N NH 3 /N CCS abundance ratio with the models suggests that the observed objects might all be in an evolved state matching the region after 10 5 yr despite their different evolutionary stages. In addition, we employed an own chemical model to calculate abundances of NH 3 and CCS for sources of the three groups −I, 0 and I. For this purpose a recent chemical network including a variety of grain surface reactions (Semenov et al. 2010 ) was used together with a simplified physical model. Representative physical parameters for each group were taken from the globule study by L2010, i.e. the density is described by a power law function of radius (with exponent between −1 and −2) in the outer region and flattening towards the core center. We used a temperature of 10 K for group −I, 15 K for group 0, and 25 K for group I sources, respectively, based on observations and models of the mass-averaged dust temperature (L2010 and references therein). Starting from "low metal"' atomic abundances (Lee et al. 1998) as initial values, the evolution of NH 3 and CCS abundance relative to H was calculated separately for the typical physical conditions of each group. We refrained from constructing a piecewise model with sharp transitions from one group to the next at defined timesteps, since in reality a smooth transition of physical conditions can be expected, and the lifetimes of the different groups are not tightly constrained. Instead, we discuss qualitative differences of the three models.
The resulting evolution of fractional NH 3 and CCS abundances is displayed in Fig. 5 . In our chemical model, CCS forms fast in a neutral-neutral reaction of CCH and S, and reaches its maximum concentration early. NH 3 is formed partly on dust grains through surface hydrogenation of nitrogen, and partly in the gas phase mainly via a sequence of ion-molecule reactions. Desorption from grain surfaces occurs mainly through cosmicray heating and cosmic-ray-induced far-UV photons in the cold and shielded environments considered here. After a few 10 5 yrs CCS is efficiently removed from the gas phase by freeze out onto dust grains or destruction by reactions with oxygen, and rapidly drops in abundance. For the 15 and 25 K warm group 0 and group I models, prior to this late-time depletion of CCS a number of competitive surface reactions become active, which enhance the CCS (re)production and lower the NH 3 abundance, resulting in a temporary drop of the NH 3 abundance at about 10 5 yrs and a slightly increased CCS peak abundance compared to the 10 K model of group −I sources. For other carbon-chain molecules, a similar enhancement in moderately warm environments ('warm carbon-chain chemistry') has been pointed out recently (e.g. Sakai et al. 2008; Aikawa et al. 2008; Hassel et al. 2008 ). These differences in chemical evolution of our models originate primarily from the different temperatures, while the difference in density profiles has smaller influence. For simplicity, we will refer to the models of the three groups (−I, 0 and I) by their temperature (10, 15 and 25 K) in the following.
As a result, in the early phase the ratio N NH 3 /N CCS evolves very slowly from values close to unity to few dozen for all three models. For the 10 K model, the abundance ratio starts to increase faster around 10 5 yrs and crosses the range observed in the Bok globules of our sample within 2.5 × 10 5 yrs. For the somewhat warmer 15 K model, N NH 3 /N CCS increases earlier and more rapidly, while for the 25 K model the abundance ratio remains low (< 10) until > 1 × 10 5 yrs before increasing rapidly to > 10 3 like the other two models. In Fig. 4 , the evolution of N NH 3 /N CCS for the three parameter sets of our chemical model is designated by open and filled circles (10 K and 15 K, respectively) and asterisks (25 K).
Comparing with the observational data shown in Fig. 3 , the observed range of N NH 3 /N CCS ratios could be compatible with the rapidly increasing parts of our three model curves at evolutionary times of few 10 4 -10 5 yrs. However, the 10 K and 15 K model are close to the lower N NH 3 /N CCS limit derived from our observations for most of their evolutionary time, while the 25 K model remains at significantly lower values up to 10 5 yrs. Thus, if one assumes that the actual chemical ages of Bok globules may possess a certain scatter, one could also expect to find globules with very low N NH 3 /N CCS ratios (≤ 5) if the group I model is applicable -but such low ratios are not confirmed in our sample. The range of fractional abundances estimated from the observations in Sect. 5.1 agrees for NH 3 with both 10 and 15 K model for times > 10 4 yrs, while the NH 3 abundance in the 25 K model remains slightly below the observed range for the whole time span covered by the model. For CCS, the peak abundances of 10 and 15 K model around 10 4 -10 5 yrs fall into the observed range, while the 25 K model exceeds it. Although having to keep in mind the uncertainties of the estimated fractional abundances, this may be another indication that the 25 K model is not in agreement with the observations, while 10 and 15 K warm model fit them equally well. Originally, the choice of 10-25 K for the models of the different groups was motivated by models (e.g., Shirley et al. 2002; Galli et al. 2002; Bergin et al. 2006) and observations (e.g. for CB 244 in Stutz et al. 2010 ) of the dust temperature. In general, dust temperatures are expected to be elevated (∼15 K) close to the cloud surface heated by the interstellar radiation field, and lower (∼10 K) in the moderately dense envelope where CO line radiation cools the gas efficiently. In the center of prestellar cores they may be as low as 5 K (depending on the external radiation field), or accordingly warmer in the case of an internal heating source (20-30 K in Shirley et al. 2002) . In the dense (n H ≥ 10 5 cm −3 ) inner regions gas and dust are expected to be well coupled through collisions and hence similar in temperature.
In contrast, the beam-(BHR95b) or map-averaged (L96) NH 3 rotational temperatures (which represent a good estimate of the kinetic temperature at the low temperatures prevalent in globules, see e.g. Stutzki 1984 ) are 9-16 K for globules of all evolutionary stages (L96; BHR95b). This most likely results from the fact that the warm cores of Class 0 and more evolved objects have typical sizes of few thousand AU (L2010), and hence comprise only a small fraction of the NH 3 beam area for the average globule distance of our sample. In addition, the innermost warmest and densest parts of the core may not be traced well by NH 3 due to high optical depth. Thus, with the large beam of the NH 3 observations considered here, cool (∼10-15 K) gas from the moderately dense envelope can be expected to dominate the signal (see also Crapsi et al. 2007 , where the central gas temperature drop in a prestellar core is detectable with interferometric, but not single-dish observations).
Moreover, a scatter of temperatures in the range 10-15 K for the bulk of gas may also result from differences in size, density and local UV background radiation for the individual globules, and not only from their evolutionary stage. In Foster et al. (2009) the kinetic temperatures from NH 3 of protostellar and starless cores cover a similar range as those for our globules, and the slight differences between the star-forming and starless group detected by them may be discernable only for sample sizes significantly larger than ours.
If indeed, as suggested by our chemical model, small temperature differences of ∼ 5 K could already perceptibly affect the progression of the N NH 3 /N CCS ratio around 10 5 yrs, then the superposition of N NH 3 /N CCS evolution curves for several initial temperatures could lead to a relatively large scatter of N NH 3 /N CCS ratios within one evolutionary group, while simultaneously smearing out differences between the evolutionary groups (differences of other initial physical parameters as density may also contribute, but we do not address them here in detail since the observational data is too sparse for comparison). This would agree with the observation that the (beam-averaged) N NH 3 /N CCS ratio is rather similar across globules of all evolutionary stages and exhibits a relatively large scatter within each group. Additional contributions to the scatter of the N NH 3 /N CCS abundance ratio among globules of a single group may arise from the significant fraction of globules containing adjacent objects of different evolutionary stages (Sect. 2), indicative of sequential star formation, and a range of ages even among the objects compiled in one evolutionary group. To test this hypothesis in detail, it would be necessary to disentangle the influence of gas temperature and age (i.e. evolutionary group), for which our dataset is significantly too small. It could also be of interest to evaluate a possible increase of gas temperature and change of chemistry on small scales close to forming protostars, for which observations at much higher resolution are needed.
Abundance ratio and bolometric temperature
In the previous years it has been pointed out that the evolution of young stellar objects is well traced by the bolometric temperature T bol , defined as the temperature of a blackbody with the same mean frequency as the spectrum of the observed source (Ladd et al. 1991; Myers & Ladd 1993) . Chen et al. (1995) demonstrated a tight correlation between T bol and the age of protostars and pre-main-sequence stars in particular for embedded sources. For a number of young stellar objects in globules of our sample, the bolometric temperature has been evaluated by L2010 and Racca et al. (2009) . However, T bol is mainly useful to track the evolution of Class 0 and later sources, since for most of the coldest, presumably youngest sources (e.g. CB 246, BHR 137) T bol is not known due to a spectral energy distribution not well constrained at shorter wavelengths.
We show our measured N NH 3 /N CCS abundance ratio versus T bol adopted from the works by L2010 and Racca et al. (2009) , in Fig. 6 . In the case of CB 232 and CB 243 (as well as BHR 12 denoted in grey colour), where both a prestellar core and a Class I source are included in the beam, T bol represents the value for the combined spectral energy distribution of the adjacent sources, which is in both cases dominated by the Class I source while the molecular emission is expected to emerge mainly from the prestellar cores. However, in both globules the separation of prestellar core and Class I source equals the typical size of a prestellar core (8000 AU in L2010); in this case the presence of an evolved YSO might influence the chemistry of the prestellar core and accordingly both may be not completely unrelated. For a definite judgement about this question, a mapping of the line emission at small scales would be required.
From most chemical models in the literature as shown in Fig. 4 , an increase of the N NH 3 /N CCS ratio towards warmer bolometric temperatures, which in turn are thought to represent in-creasingly older and more evolved sources, would be expected. Despite the scarceness of our dataset, there are no indications of such an increase. Instead, the N NH 3 /N CCS abundance ratio shows a tentatively trend of decrease towards increasing bolometric temperature. However, due to the small number of globules with both known bolometric temperature and detected CCS emission, an interpretation is even more difficult than in Sect. 5.2.
Nonthermal linewidths
The observed linewidths ∆υ obs include an instrumental broadening of ∆υ instr = 0.08 km s −1 (Effelsberg) and 0.05 km s −1
(Parkes) which can be subtracted under the assumption of a Gaussian profile for the line as well as for the spectrometer:
In the same way, the thermal contribution to the linewidth,
with m denoting the molecular mass of the molecule, was subtracted to obtain the nonthermal linewidths ∆υ nth in Table 2 . We used the rotational temperature T rot derived by L96 and BHR95b from their ammonia observations as an estimate for the kinetic temperature T kin . Where such values for the individual globules were not available, an average temperature of T kin = 10 K was assumed. The typical thermal contribution for the CCS and NH 3 linewidths is 0.09 and 0.16 km s −1 , respectively. It should be pointed out that, because the main component of the NH 3 (1,1) line consists of several usually blended hyperfine components distributed over 0.7 km s −1 , linewidths derived from a single Gaussian fit to the main component are dominated by the separation of the blended hyperfine components rather than the intrinsic linewidth for small linewidths. An intrinsic linewidth can be in principle estimated from such fits, but suffers from large uncertainties for the typical small linewidths observed in Bok globules. Therefore we discuss nonthermal linewidths of only those globules with sufficiently well detected main and satellite lines of NH 3 (1,1), for which intrinsic linewidths can be derived directly from fits of the hyperfine structure.
For both NH 3 and CCS, the majority of nonthermal linewidths is found in the range 0.2-0.5 km s −1 for all evolutionary groups. In addition, large nonthermal linewidths 0.6-1.2 km s −1 are observed in globules of group 0 and I, while very small linewidths ≤0.1 km s −1 are present exclusively in globules of group −I. The nonthermal linewidth can be understood as a measure for turbulence of the medium and the existence of unresolved velocity components within the area covered by the telescope beam. An increased linewidth ∆υ nth for actively starforming regions could be expected due to turbulence and outflow motions induced by the presence of a protostar. However, for globules at larger distances a physical region of proportionally larger dimension is enclosed by the beam, and could therefore result in larger linewidths. We are fairly confident that our results are not biased by this effect, since no clear relationship between linewidth and distance is discernable in our sample.
Among the starless or prestellar sources of group −I, the globules with extremely small nonthermal linewidths (CB 22 and CB 23) are distinguished from the rest by an absence of IRAS and millimeter sources, i.e. there is no evidence for any embedded sources. In contrast, three of the group −I globules with intermediate ∆υ nth harbour more evolved Class I sources in the vicinity of the prestellar core, while the remaining globules are poorly studied. The group 0 and I sources with large nonthermal linewidths exhibit not very Gaussian-shaped profiles (BHR 140-1, BHR 36) or hints of at least two velocity components (BHR 71, also BHR 55). However, they do not differ distinctly from the rest of the group 0 and I globules in properties like presence of outflows, multiplicity, etc.
In the majority of globules, the nonthermal CCS linewidths are smaller than those of NH 3 , but also the opposite case or similar linewidths are observed. A possible explanation could be that both molecules trace not exactly similar cloud regions, as in the cases demonstrated by Codella & Scappini (1998b) and Lai & Crutcher (2000) , where the most dense parts of cores were preferentially detected in NH 3 , while CCS emission arises from a more extended surrounding region. Such central depletion holes in evolved sources have also been observed for other carbon-bearing species, e.g. for the CCH radical (e.g., Beuther et al. 2008; Padovani et al. 2009 ), which resembles in many properties, and is thought to be a precursor of, CCS. Since both NH 3 and CCS possess a roughly comparable critical density (∼ 10 3 -10 4 cm −3 ), a difference in the emitting region is most likely a result of different spatial distributions.
This in turn might mean that both molecules trace regions with somewhat different physical conditions, and also result in an incorrect estimate of the thermal component for the linewidths when assuming the same kinetic temperature for both CCS and NH 3 . Altogether, it is difficult to draw firm conclusions regarding the origin of the spread of nonthermal linewidths due to the sparse dataset and availability of only single-point measurements.
Summary
Observations of 42 Bok globules in CCS and partially in NH 3 , supplemented with NH 3 measurements from the literature (L96, BHR95b) enabled us to assess the abundance ratio of both molecules for 18 objects (and derive lower limits for additional 21 globules) in different evolutionary stages ranging from starless and prestellar globules (designated as group −I) over clouds containing Class 0 YSOs (group 0) to globules harbouring young stellar objects of Class I and later (group I). In the following we summarize our main results:
1. The CCS(2 1 -1 0 ) line is detected in 18 of 42 Bok globules.
The detection rate is highest in the objects of group −I (70%) and decreases towards the globules of group 0 and I (40 and 33%, respectively). Ammonia is detected (together with literature data) in 39 globules. 2. We derive N NH 3 /N CCS ratios in the range 26-422, plus one lower limit of 860, for isolated Bok globules. In particular, within the limits of our survey, we find neither extremely low abundance ratios (≤ 10) like those typical of carbonchain producing regions in dark cloud (Suzuki et al. 1992; Hirota et al. 2009 ), nor extremely high abundance ratios (several 10 3 ) as expected for evolved sources from chemical models for cloud cores by different authors (Fig. 4) . 3. We do not observe an increase of the N NH 3 /N CCS abundance ratio going from the starless and prestellar globules towards evolved globules containing Class I or later sources, nor from lower towards higher bolometric temperatures of the embedded YSOs, as would be expected from various chemical models from the literature and this work (Sect. 5.2). Instead, the ratio exhibits a considerable scatter but is roughly con-stant across all evolutionary groups (Fig. 3) , with a tentatively -however, statistically not significant -decreasing trend from globules containing Class 0 protostars (group 0) towards globules with Class I or later YSOs (group I). 4. An own chemical model (Sect. 5.2) indicates that a slight temperature increase (15 instead of 10 K) could affect the N NH 3 /N CCS ratio perceptibly at evolutionary times around 10 5 yrs. Since NH 3 rotational temperatures vary in the same range, this may suggest that the observed roughly constant but scattered distribution of (beam-averaged) N NH 3 /N CCS ratios could result from a superposition of evolutionary tracks for different initial globule temperatures. In contrast, a 25 K warm model seems less likely, since neither such high gas temperatures, NH 3 and CCS fractional abundances in agreement with the model, nor very low N NH 3 /N CCS ratios (≤ 5), as expected from the model even at late evolutionary times, are observed. 5. The smallest nonthermal linewidths of CCS (∼ 0.1 km s −1 ), indicating a very low level of turbulence, are detected only in two globules of group −I without any associated infrared or millimeter sources. In contrast, broad CCS lines with evidence for multiple velocity components are found only among star-forming globules (groups 0 and I). Beyond that, no firm conclusions about the nonthermal linewidths can be drawn due to the small sample size.
We conclude that our observed N NH 3 /N CCS abundance ratios derived from single-dish observations with relatively large beam, although related to the evolutionary state of the embedded objects, cannot be alone and straightforward interpreted as an evolutionary tracer for isolated Bok globules. Another major problem hampering this study is the immediate vicinity of objects in different evolutionary stages encountered in many of the globules (see also L2010), which makes it difficult to assess the amount of emission arising from each source or a possible mutual influence on physical and chemical conditions. In addition, the assumption of NH 3 and CCS tracing the same spatial regions is an approximation and may not hold for all globules. The distribution of CCS -central depletion hole or enhanced in the warm core region of evolved sources -is of particular interest. Wellresolved mapping of the line emission of both molecules for a large sample of globules, assessment of the gas temperature, and a position-dependent evaluation of the N NH 3 /N CCS ratio, will be required to address the mentioned aspects in full detail.
